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An experimental and theoretical study has been made into the effect of association—dissociation reactions on the sedi-
mentation of the E.coli ribosomal system 505—-30S == 50S+308S. It has been found that

(2) the sedimentation pattern is strongly dependent oa the rotor speed;

(b) the ratio of components as measured using high-speed ultracentrifugation (30000 —40000 r.p.m.) is independent of

rotor speed; and

(c) tire speed of uliracentrifugation has a strong effect an the sedimentation coefficient of the ribosomal system as de-

termined by the mean sguare second moment.

The results of this paper demonstrate that ribosome sedimentation at low-speed ultracentrifugation is affected by some
artefactual processes. A theoretical analysis of the experimental findings has shown that the observed effects cannot be
attributed to the effect of the association—dissaciztion rezction nor to the pressure dependence of the equilibrium constant

of that reaction.

On the other hand, at high-speed ultracentrifugation the ribosomal system sediments as a heterogeneous mixture of
non-interacting components. Consequently, the shape of the boundary in this case will ieflect the equilibrium composition

of the ribosomal system.

1. Intraducdon

The reaction mixture of “purified” 508 and 30S
ribosomal subparticles of E. coli has been shown to
behave as a reversibly interacting system under certain
conditians [1,2]. Sedimentation velocity studies of
such a system are complicated by the fact that the as-
sociation—dissaciation reactions may materially affect
the separation of components. In particular, the boun-
dary observed in transport experiments with a rever-
sibly irteracting system do not necessarily reflect the
actual number of components present [1,3}. Moreover,
the boundary shape depends on the relation between
the rates of species separation and chemical reactions
[4—6]. When the rate of component separation be-
comes much greater than the reaction rates, the sys-
tem sediments in a2 manner analogous to 2 heterogeneous

mixture of non-interacting components whose apparent
concentration ratio corresponds to the equilibrium
established in the system prior to the analysis.

The purpcse of the present investigation was to ex-
plore the effect of assaciation—dissociation reactions
on the sedimentation properties of the E.coli ribosom-
al system 50S —30S=3505+308S at different speeds of
the rotor. It has been found that the sedimentation
coefficient, as measured by the mean square second
moment, and the sedimentation patterns of the E. coli
ribosomal system both strongly depend on the rotor
speed. The ratio of the components, measured using
high-speed uliracentrifugation (30000 — 40040 r.p.m.)
is independent of rotor speed.

However, a theoretical analysis of the experimental
results has indicated that the observed effects cannot
be attributed to the association—dissociation reactiorn,
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nor teo the pressute dependence of the equilibrium
constant of that reaction. Possible reasons for the ob-
served dependence of the ribosome sedimentation on
the applied force are discussed.

2. Materials and methods
2.1. Prepararion of ribosomes

The preparation of E. coli MRE 600 ribosomal sub-
particles dissolved in a standard buffer — 1 mM
K,HPO,, SO0 mM KCI — containing 20 mM Mg2*

{pH 7.5) has been described previously [2]. For reas-
sociation, the subparticles were mixed in equimolar
proportions, the final ribosome concentration was

22 A5gq unit/mi. This reaction mixture was then divided
into two parts and diluted with a standard buffer to a
final ribosome concentration of 1 4,5, unit/mland a
Mg2* concentration of 5 mM and 20 mM respectively.
After incubation for 30 min at 20°C a few samples of
reassociated ribosomes dissolved in 20 mM Mp2*¥ were
fixed by addition of formaldehyde to a final concen-
tration of 4%. The samples of SOS subparticles (14 54q
unit/ml) dissolved in a standard buffer containing

S mM Mg2?* were prepared by an appropriate dilution
of the initial 508 subparticles suspension. The tempera-
ture was kept at 4°C throughout these treatments.
Sedimentation analysis was performed after incubating
the solutions for 1 hour at 20°C.

2.2. Analytical ultracentrifugation

Sedimentation velocity studies of the ribosomal
preparations were carried out in a Spinco Model E
(Beckman) analytical ultracentrifuge equipped with
a split-beam photoelectric scanner, a monochromator
and a multiplexer, enabling simultaneous analysis of
several samples to be made in a multichannel rotor. Se-
dimenting boundaries were monitored at the wavelength
of 260 nm. Double-sector cells (12 mm) were used,
which were washed after each run, with a buffer corre-
sponding to the test preparation and filled with fresh
portions of ribosomal solution. Cells were positioned
in the rotor by the use of a microscope cell aligner.
Several portions of each sample were centrifuged at
different rotor speeds in the range from 12000 to
40000 r.p.m. 3t 20°C.

The position of 2 moving boundary was determined
by the expression corresponding to the square-root of
the second moment of the concentration gradient
curve (7,8]:

‘/f r2ac f dc,

where r is the dlstance from the axis of rotation, Cp
Cp are the ribosome concentrations (weight scale) at
the meniscus and at a certain point in the plateau re-
gion, and C is the ribosome concentration (weight
scale).

Sedimentation coefficients were calculated from
the sfopes of the linear plots (fitted by the methad
of least squares}) of the logarithm of boundary posi-
tion versus time. The correlation coefficient exceeded
0.9995 in most cases.

3. Results and discussion

3. 1. Effect of rotor speed on the sedimentction pattern
of E. coli ribosomal preparations

Fig. I shows the typical sedimentation patterns
obtained by analytical centrifugation of the E. cali
ribosomal preparations (see legend for fig. 1) at diffe-
rent rotor speeds. As seen in fig. 1, at the speed of
12000 r.p.m., the preparations sediment with a single,
approximately symmetrical and not very diffuse boun-
dary. At 16000 r.p.m. the boundary becomes hetero-
geneous but the components distinctly separate only
at 22000 r.p.m. or higher.

This effect has been reported for E. coli ribosomes
earlier {1] and has been interpreted qualitatively as
resulting from the influence of the assqciation—
dissociation reaction of ribosomes on the separation
of components. In fact, as shown in appendix 1, the
association—dissociation reactions can distort the
separation of the components. This effect depends
on the rotor speed and vanishes at sufficiently high
speed of ultracentrifugation when the following ine-
qualities are satisfied:

kaT<1, k,C0T<1, k,C9T<1,

where &, k4 are the rate coustants for the association
and dissaciation of the subparticles, Cl, CQare the
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Fig. 1. Sedimentation patterns abtained at anziytical ultra-centrifugation of different tibosomal preparations at indicated rotot
speads (20°C),

105 20 mM Mg?* — equimeolar mixture of purified 308 and S0S subparticles in a buffer containing 0.001 M K HPO3, SOmM
KCl and 20 mM Mg?* (pH 7.5).

708 5§ mM Mg?* -~ equimolar mixtuse of purified 308 and 508 subparticles in a buffer containing 1 mM K HPO,, 50 mM KCL
and 5 mM MgZ* (pH 7.5).

58S § mM Mg?* — solution of 508 subparticles in a buffer containing 1 mM K3 HPO3, 30 mM KCl2od 5 mM Mg?* (@H 7.5).

equilibrium concentrations of 308 and 505 subparticles concentiations can be measured directly on the sedi-
capable of associating, T is the optimal time of vitracen-  mentation patterns. The concentration ratios of com-

wrifugation. ponents determined taking into account the radial
At the rotor speeds above 22000 r.p.m., the compo- dilation ase presented in table 1, from which it may
nents are distinctly separated (see fig. 1), and their be seen that the ratios are independent of the rotor
Table )
Concentration ratio of compornents as detevmined by high-speed ultracentrifugation ~f different ribosomal preparations
Mtra- Refative amount of components in 56
centrifugation
speed (£.p.m3 in mixture of “purifizd” in mixture of “purified” in solution of 508
3G8S and 508 subparsticles 3085 and SAS subparticles subparcticles
at 20 mM Mg?* at 5 mM Mp?* at 3 mM Mg**
308 508 708 —1008 208 508 708 508 dimers (705)
26000 - ~ — -~ - - 88 12
306000 7 40 33 13 83 29 ~ -
36000 8 3z 53 20 50 30 87 13
40000 8 38 54 18 $1 31 87 13
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speed at high-speed ultracentrifugation. It appears that
the effect of the ribosomal association—dissociation
reaction is so small in this case that the ribosomal sys-
tern sediments as 2 heterogencous mixture of non-
interacting components. This being so, the concentra-
tion ratio of components determined by high-speed
ultracentrifugation will correspond to the chemical
equilibrium that had been establisiied in the system
before the beginning of sedimentation, i.e., it will be
rotor speed independent. It should be noted that in the
process of analytical ultracentrifugation the true ratio
of components in the plateau region remains practi-
cally constant and corresponds within the limits of
experimental error to the state of the system prior

to analysis, regardless of the rotor speed and the rates
of chemical reactions (see section 3.2).

3.2. Rotor speed dependence of the sedimentation
coefficient

The sedimentation coefficient of E. coli ribosomal
preparations was determined by a method analogous
to the measurement of the mean square second moment
of the concentration gradient curve [7,8]. For each
sample and for each rotor speed, several ultracentrifuga-
tion runs were made (see section 2), and the mean
value of sedimentation coefficient was calculated. The
mean square error did not exceed 1S in most cases.

Figs. 2, 3 and 4 show the sedimentation coefficients
plotted against rotor speeds for three ribosomal prepa-
rations (see legends to the figures). It will be seen that
rotor speed has a strong effect on the sedimentation
coefficient, the character of this effect being the same
for all the preparations tested. However, the variations
of the sedimentation coefficient is greater in the case
of ribosom:al preparations in a buffer with a low (3 mM)
Mg2* concentration.

The speed of ultracentrifugation has been previously
reported to affect the sedimentation coefficient of cer-
tain macromolecules [9—14]. This phenomenon is
rather difficult to interpret because the sedimentation
coefficient depends on a multitude of interrelated va-
riables whose effects might in turn be determined by
the rotor speed. Also, the effect is not universal and
depends to a large extent on the particular properties
of the systems used. Attempts to explain this pheno-
menon in terms of molecular hydrodynamic effects
(orientation of asymmetrical macromolecules [9], the

)
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12 16 20 24 28 32 36 a0
n{1600 rp.m.}

Fiz. 2. Effect of rotor speed on the sedimentation coefficiant
of an equimolar mixture of purified 308 and SOS subparticles
in a buffer containing 1 mM K, HPO;, 50 mM KCl and 20 mM
M2 (pH 7.5).

deformation and subsequent orientation [15], the in-
fluence of hydrostatic pressure on the density and
viscosity of the solvent and the partial specific volume
of macromolecule [9—12], solvent counterflow, etc.)
have failed the expected effects being rather insignifi-
cant.

Let us consider now the effect of the association—
dissociation reaction on ribosom: sedimentation.
Easlier, on the basis of general considerations, it has
been suggested, that the sedimentation coefficient of

80

50 ?

A0

12 1€ 20 24 28 32 36 <O
n {1000 r.pm.}

Fig. 3. Effect of rotor speed on the sedimentation coefficient
of 2n equimolar mixture of purified 30S and 50S subparticles
in a buffer containing 1 mM Ky HPO4, S0 mM KCl and SmM
Mz?* (pH 7.5).
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Fig. 4. Effect of rotor spe=d on the sedimentation coefficient
of 50S subparticles in a buffer containing 1 mM K, HPOs4,
50 mM KCl and 5 mM Mg?* (pH 7.5).

self-associating systems is rotor speed independent
[9—13]. Using the transport equations for the reversibly
interacting ribosomal system, it can be shown (see
appendix 2) that the sedimentation coefficient of such
a system as measured by the mean square second mo-
ment, is equal, with good approximation, to the weight
average sedimentation coefficient corresponding to the
distribution of components established in the system
before sedimentation and daoes not depend on the rotor
speed provided that «2T = const. It is to be noted that
the result is a consequence of the fact that the ratio of
components in the plateau remains practically unchanged
in the process of analytical ultracentrifugation of re-
versibly interacting systems, regardless of the rotor
speed.

For E. coli ribosomes, a pressure dependernce of
the equilibrium constant of the association—dissociation
reaction has been suggested [16]. In this case the sedi-
mentation coefficient of the system may, generally
speaking, be rotor speed dependent [10, 17]. Fig. 5
shows the results of a theoretical consideration of the
effect of ultracentrifugation speed on the sedimenta-
tion coefficient of the equilibrium reversibly interacting
system AB & A + B with a pressure dependent equili-
brium constant (see appendix 3). It can be seen that
in a certain region of low rotor speeds, the sedimen-
tation coefficient remains practically constant (in con-
trast to the experimental data of figs. 2, 3 and 4) and
is approximately equal to the weight average sedimen-
tation coefficient of the system corresponding to the
component ratio observed at atmospheric pressure.

s
60} __——_ - AV=500 20
50 AV=1500 221
mi
aV=4000 52
40
12 16 20 24 28 32 36 40

n (1000 r.p.m.})

Fig. 5. Effect of rotor speed on the sedimentation coefficient
of the reversibly interacting system AB Z A + B whose equi-
librium constant is pressure dependent. Parameters used for
the calculations are given in appendix 3.

Further increase of the rotor angular velocity results
in a decrease of the sedimentation coefficient. The
least (asymptotic) value of this coefficient is equal
to the weight average sedimentation coefficient of
the system in the event of complete dissociation. It
should be noted, however, that in high-speed ultracen-
trifugation, the ribosomal system does not appear to
be in equilibrium any more, and so it sediments as a
heterogeneous mixture of non-interacting components
(the separation of components is apparent (see fig. 1),
and the concentration ratio is rotor speed independent);
also, no complete dissociation is observed (see fig. 1).
For comparison, fig. 5 shows the experimental curve
of the sedimentation coefficient versus rotor speed
(dotted line) for one of the ribosomal preparations
(see fig. 2). It appears that the decrease of the sedi-
mentation coefficient in the speed region of 20000 to
30000 r.p.m. may be partly due to the pressure
dependence of the equilibrium constant. It is obvious,
however, that the expected and observed effects are
highly discrepant quantitatively.

Therefore, the experimental data of figs. 2, 3 and
4 cannot be accounted for by association—dissociation
reaction. Moreover, the sedimentation properties of
formaldehyde-treated ribosomal preparations subjected
to low- and high-speed ultracentrifugation, have like-
wise been shown to be strongly dependent on the rotor
speed: the sedimentation coefficient of such a hetero-
geneous non-reactive system is 295 at 12000 r.p.m.
and 458 at 40000 r.p.m. As known, formaldehyde-
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12000 40000
Ultracentritugation speed {r.p.m.)

Fig. 6. Sedimentation patterns obtained at low-speed and high-
speed ultracentrifugation (20°C) of a formaldehyde-treated
equimofar mixture of pursified 305 and 50S subparticlesin a
buffer contaiping 1 mM Ko HPO4, 50 mM KCl and 20 mM
Mz2* (pH 7.5).

treated subparticles are no longer akle to associate, and
505--30S associate is incapable of dissociating after
formaldehyde treaiment [18—20], i.e., the ribosomal
system becomes a heterogeneous mixture of “non-
interacting” components. It is to be noted also that
formaldehyde fixation of the ribosomal system is a
rather fast process in comparison with association—
dissociation reactions f21]. Fig. 6 illustrates sedimen-
tation profiles obtained by ultracentrifugation of a
formaldehyde-fixed equilibrium ribosomal system. As
can be seen from fig. 6, at low-speed ultracentrifuga-
tion (12000 r.p.m.) the fixed ribosomal system sedi-
ments with a single and rather sharp boundary, while
at the speed of 40000 r.p.m. the components are
distinctly separated. This effect seems surprising,
since separation of the components of the ideal (inde-
pendent sedimentation of the components, absence
of chemical reaction) heterogeneous system does not
depend on the speed of ultracentrifugation provided
that w27 = const. (see, for example, appendix 1).
Although the results of fig. 6 are difficult to explain
at present, they show that the rotor speed dependence
of sedimentation patterns may be due not only to ribo-
somal assaciation—dissociation reactions but also to
some other processes, the nature of which is as yet
unknown.

Analysis has shown that none of the considered se-
dimentation models of the ribosomal system is con-
sistent with the effects observed. Among other factors
responsible for the anomalous ribosome sedimentation
at low-speed ultracentrifugation the most probable
seems to be convective flows induced by small tempe-
rature gradients [22], or the rotor speed dependent
immobilization of the solvent by the suspended par-
ticles [23]. However, further elucidation of the nature
of this complicated phenomenon is beyond the scope
of the present investigation, which purpose was to
explore the effect of association—dissociation reac-
tions on the ribosome sedimentation. Finally, it is to
be noted that experimental and theoretical data re-
ported in this communication show that: (i) anoma-
lous ribosome sedimentation at low-speed ultracentri-
fugation is not a consequence of assaciation—dissocia-
tion reactions only [1], but is largely conditioned by
some molecular-hydrodynamic factors, (i) at high-
speed ultracentrifugation (30000—40000 r.p.m.} the
effect of association—dissociation reactions and of
molecular-hydrodynamic factoss, which play a sub-
stantial role at low-speed centrifugation is practically
negligible [the shape of the boundary does not depend
on the rotor speed provided that «?T = const. (table 1,
fig. 1)1, though the sedimentation coefficient of the
ribosomal system in this region of the rotor varies
slightly (figs. 2, 3 and 4).

These results allow us to suggest that components
concentrations determined by high-speed ultracentri-
fugation will correspond to the equilibrium established
in the ribosomal system before analysis.
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Appendix 1

Effect of the assaciation—dissociation reaction on the separaron of components at analytical ultracentrifugation
of the reversibly interacting system AB<A +B

Let us introduce a parameter characterizing the separation of components

where Z;;, is the parameter characterizing the separation of the ith and Xth components, and 7}, g, are the distances
from the axis of rotation to the point at the boundary as determined by the mean square second moments for the
ith and kth components, respectively. It is assumed that 7; > 7.

Evidently, Z; depends on angular velocity, w, and ultracentrifugation time, 7. We shall consider this parameter
on condition that 2T = const. For further calculations, it is convenient to introduce another expression of Zit»
identical to the expression (1):

T
Zip = w? f (S,- - Ek) de, )
]

where §,- and S"k are the sedimentation coefficients of the /th and kth components as measured by the mean square
second moments.

For a heterogeneous system whose components sediments independently, it is evident that S =5j, L.e., that
the sedimentation coefficient of the jith component as measured by the mean square second moment corresponds
to the sedimentation coefficient of individuat particles |7,8]; then

T
Zy=w? [ §;-5) dr=?T(S; ~ Sp). @3)
4]

Thus, as could be expected, the separation of components of a heterogeneous mixture is independent of the ultra-
centrifugation speed provided that w27 = const.

Consider now the effect of the association—dissociation reaction on the separation of components of the rever-
sibly interacting AB 2 A + B. Let us assume, for the sake of certainty the following molecular weight ratio of com-

panenis: M, - Mp: M, g = 1:2:3. The differential equations of the sedimentation process will then take the follow-
ing form:

"a_t'—'D]_ a2 Dl 7 or S,_w r-a—;~251w C]_‘i'Q,

ac, 32C, 1 8C> , 3Cs 5
) +D2 For “Szw rT—2S2(.J Cy +20Q, @

C_ 26 13G

aCy
at D3 ar2 D3 7""‘—“ Sngr-s—— 2330)2(:3 3Q N

where Cy, C; and 5 are the concentrations of components A, B and AB, respectively (weight scale); Q is the rate
of concentration change of component A due to the assaciation—dissociation reaction; in this case

2=%1k4(C3— K1 Cy),
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where kg4 is the dissociation constant; and K is the equilibrium constant (reciprocal weight scale).
Assuming that sedimentation begins when the componenfs are present in an equilibrium ratio,-the mmal condi-
tions may be taken to be as follows

0 i’ forrg<r <@
C{r,0)=C;0(r—rq)= 0, forr,<r<rg’

)
rm<r<=, r;<r, i=1,2,3, C3=KCICY.
The boundary conditions are the following:
Ci(r,.0=0,
®)

ac;
57 (m- D=0, i=1,2,3, 0<r<=.

The initial conditions (5) imply that the transport process is considered after the concertration of the substance
at the meniscus and its derivative becomes equal to zero. The validity of the boundary conditicns (6) for velocity
sedimentation is indicated by the fact that 3C;/3t <0 while C;(r,, 0) and 3C;/dr (r, ,0) are zero.

Further, let us introduce the point F}, at the boundary of the ith component:

= l/rgm(z/c,?) [ Grar, )

where 7, is a certair point in the plateau region where aC/ar and 92C/dr? are zero, and C'? is the concentration of

the ith component in the plateau region.
Now let us determine the sedimentation coefficient of the ith component from the equation

~ 1 147
S.=— £ )
s Fode

It follows from (7) and (8) that

dcP [» D acC;
——-Td?'-f Cirdr—f r—dr

ar
§5,=-1 G rm o @
it 42}
w2
rgc,s’—zrf Cirdr
m

We obtain from eq. (4)

dct arp

a4 S 25w cP+QP,

de

Et' = —25,w2CE +20P, (10)
dC_«,F: 2D ’

E= —283w C3 —30P.

To compute the integral j’ p r(aC;{3¢) dr in formula (9), we multiply the transport equations (4) by r and integrate
them within the limit lndlcated taking into account the boundary conditions (6). We then obtain
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D ac 4]
r-—-——dr-——Slwzrgci’+f Q@rdr,
m m
P 3c,
f ey dr—-—Szcozr CP+2f Qrdr, (ir)
m m

ac; rp

93 - 20p _

[ r3iar=-s3%icg -3 [ grar.
m m

Substituting the values of (10) and (11) into (9), we have

S g oL FOPCp-FD) - friordr
Sl"sl%;_ 727

2 $0P(]~ F"-) ~ e Qrdr
o Zos L (12)

%Qp(rg» 72— 2 Ordr
w? r3C8 '

§2 =Sz +

53=5;

Next, to determine the separation parameter, e.g., for the 3rd and 2nd components, consider the expression

1 (zéQ"(f"{;— F)—fmpQrdr 30°G3-75) - Ier"d")‘
2 Cg r%C%

B1-53)=(53—83) 13)

Substituting the value of @ [see eq. (4)] into (13) and introducing the point 71,2- 2ccording to the expression

¥ =2 C,Csrdr, 14
1‘ ? cpcg;{; iv-2 { }

we obtain

- - k G3-7%5) ,-2
- d 37712 1,2 1 2 73y
(S3-87)=(53-5,) —— [KCPCD ( + o ) (4':p CPCP) 1
2 1-2 2 =2 322
@ ricg 37ce/ 3 3 15)
- The parameter of components separation will be according to expression (2)

'3 (FB-Fl2)/ 1 2
- : 1
Zap= TS5 —Sy) — kg J‘ [f:cgcg . ( + )

2 2}] .. (16)

26 G- xeeeny B2

Let us now evaluate the effect of association—dissociation reactions on the separation of components, assuming
the following approximate equalities
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CP =P exp (—25;2%0),
a7

F; =rqy exp(S;w27) , Fi2="Fp-

These approximations will evidently be valid if the effect of the reactions is relatively small and the components
are separated. Then, after performing integration in expression (16), we have

Z33=w?T(S3 — S3) [1 — ARy T+5k,09T)] . (18)

Similarly, we can obtain

Z3, = 2T Sy - 51) [1— (kg CIT+1K,CT)] . as8’)

It follows from (18) and (18 ") that the presence of an association—dissociation reaction hinders the separation of
components, the effect of this reaction being strongly dependent on the reaction rate and ultracentrifugation speed.
In order that the components might be distinctly separated, it is necessary and sufficient that the following inequa-
lities be fulfilled:

kaT<1, kCIT<1, k,C9T<1. (19)

Appendix 2

2.A4. Sedimentation coefficient of the reversibly interacting system AB & A + B as determined taking into account
the kinetics of the association—dissaciation reaction

The differential equations of the transport of the substance in velocity sedimentation of the reversibly interact-
ing system AB 2 A + B, as well as the initial and boundary conditions have already been presented in appendix 1
[egs. (4)—(6)]. Let us suppose that there exists a solution to egs. (4)—(6) and that an arbitrary poini is introducea
at the boundary of the concentration curve;

>
F= l/rg—(zlcp) [ Crar, (20)

m

where r_ is a certain point in the plateau region where 3C/ar and 82C/ar? ase zero, and Cp is the concentration
of the substance in the plateau region. It can be readily shown that the point r corresponds to the mean square
second moment of the concentration gradient curve [7]. Now the sedimentation coefficient of the system can be
determined in accordance with the equation

s 11dF
5= W27 dt” @
Using expression (20), we obtain
r r,
1 46, P P ac
l —C;_dt J Crdr }f r37 dr
s m m
S =§ ’p . (22)
r2c—2 [ crdr
P
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To calculate the integral J| ,'.}:l r(3Cfar)dr, let us multiply the transporst equations (4) by r, sum them up and inte-
grate within the limits indicated, taking into account the boundary conditions. We shall then have

3
f r-— dr= -—wzrg Z;l S,-Cf’ . (23)
=

On the other hand, from the transport equations (4) it can be easily obtained that

3
dc,
-EITP =—2w? Z; S; CP (23)

Substituting the values of (23) and (24) into (22) we find that
. 205;C?
§==E.
2zcCP

i
Evidently, § is time-dependent. For an experimental determination of the sedimentation coefficient, it is common
practice to use the method of least squares which average the above relations. As a result, we obtain the sedimen-

tation coefficient
—_ 3 T 4 o~
S==-{ tdr | SG)d7, (26)

where T is the final time of sedimentation. Thus, averaging expression (25) by the method of least squares we have
in first approximation

§=5,-227(% -3, @7)
where
§0=Z)S,-c?’ 2=Z) c?-
T T Y Do

It is seen from expression (27) that the sedimentation coefficient of the reversibly interacting system is equ1l, with
good approximation, to the weight average sedimentation coefficient corresponding to the initial distribution of
components and is not dependent on the rotor speed provided that w27 = const.

2.B. Sedimentation coefficient of the equilibrium reversibly interacting system AB <A + B

If a reversibly interacting system remains in equilibrium at all times during sedimentation, then the following
ratio of concentrations should be fulfilled:
C3 = KC1C2 - (28)

In this case, the rate O of concentration change [see eq. (4)] of a component A as a result of the association—
dissaciation reaction will now be determined by the rate of concentration changes of the components due to sedi-
mentation only. Indeed, it can be really shown from eq. (4) and the ratio (28) that

0- 1 3Cs| KC, ac,| KC, ¢y -
KC,+2KC; + 3 atl ~ KC,+2KC;+3 ar s KCp¥2KC <3 ar | ° 29)
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where

ac; 32¢; 1 9C; aC;

Al sp e p il S L —25.002C

o | ‘a,2+ ivar ST 5y 281007
is the rate of concentration change of the ith component due to sedimentation. Thus, the equations of substance
transport in sedimentation velocity studies of the equilibrium interacting system AB & A + B, as well as the initial
and bourdary conditions will remain the same as before, and only the value of @ will change.

Pzcforming next the operations described earlier in this appendix, we obtain

. 2u5.CP
§=—_1" G0)
25cP
Averaging S by the method of least squares will give
— ~ 385328, — S )(Sy +8,~853) €
S=So—%w2T(S§’S‘2))”3:w2T( 3725, =561 #5,75) _C3 @1)

(KCS+2KCY+3) o

Thus, the sedimentation caefticizat of an equilibrium reversibly interacting system determined by the mean square
second moment is likewise rotor speed independent and is equal, with good approximation, to the weight average
sedimentation coefficient of that system with the concentration ratio of components corresponding to the equi-
librium existing before the onset of sedimentation.

Appendix 3

Sedimnentation coefficient of the equilibrium reversibly interacting sysiem AB 2= A + B with a pressure-dependent
equilibrium constant

The differential equations of the pracess will be the same as in the preceding case of velacity sedimentation

of the equilibrinm reversibly interacting system (appendix 2.B). However, the equilibrium constant which is pres-
sure-dependent, will be now a function of the distance from the axis of rotation:

K =Kgexp [~(AVIRT) pw?(r2—r2)} , (32)
where
AV = Vsps_30s ~ Vs0s* V305) >0 (32)
is the change in molar volume upon association, and V5gg_3gs. Y505, ¥30s 2re the molar velumes of the 505—
30S associate and S0S and 30S subparticles, respectively.
The initial conditions will of course change:
C,(,0) = (312K)(/1+$KCy— 1)O(r—rp) , (33)

C3(I', 0)= [Co ~(9/14K)(\/1+ %KCO -] 8@ - l’o) 5
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where Cg is the initial concentration of the preparation
Cy =Cy(r,0) + C(r,0) + C3(r,0) = const .

It is assumed here that during the time of rotor acceleration and detachment of the substance from the meniscus,
the ratio of components along the cell changes in accordance with the pressure dependence of the equilibrium
constant. The concentration changes of components during that time due to sedimentation are neglected because

of their uncertainty and smallness. In deriving eq. (33), the initial ratio of components A and B was taken to be
equimolar.

The boundary conditions are the same as before:
Ci(ry,,0=0,

ac. €L
57 (m-0=0, i=1,2,3, 0<t<o.

Proceeding from egs. (4), (33) and (34) and taking into account the pressure dependence of the equilibrium con-
stant (32), it is not difficult to show that, generally speaking, there can be no plateau region after the boundary.
However, no bends in the plateau region are observed in sedimentation studies of the ribosomal preparations tested
(sce fig. 1). Also, it can be shown by numerical methods, using egs. (4), (33) and (34), that when AV =500 —
2000 ml/mole, the bends of the concentration curve in the plateau region during the usual time of ultracentrifu-
gation at high speeds (40000 r.p.m.) lie within the limits of experimental errors. Therefore as in the preceding
cases, a conventional point may be introduced at the boundary according to the equation

F= g Ecl’f rZ:C dr. (335)

However, the fixed point ry, does not, strictly speaking, belong to the plateau region in this case.
Then, let us introduce, as usual, the sedimentation coefficient

5= ‘2 ! %’;'. , (36)
w

Substituting now (35) into (36) we have
ECP r EC dr— EC dr
Z)cP dt f f

~ 1 37
S——z- - (3)

rf, ch.’—zf rEq.dr
'm

Using eq. (4),
p
a3
f r at E Ci dl‘
m
can be determined:
'p
f r—EC dr=r, ED CP— erZZ)s CP. (38)

m
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To simplify further calculations, let us assume that
a
= CP =
ar Z)D, G =0.

From the same transport equation (4) we find:

ac?
L PeP= 22 TS5, P~ rp? S5 (39)
Substituting (38) and (39) into (37) we finally obtain:
o 25;C] e _Z_S.- ackiar (I2icP)lBr2iCidr 40}
Zep P L 2A-elcnirZear

As can be seen, 8 is, generally speaking, time-dependent; for the sake of simplicity, however, let us consider the
effect of rotor speed on the sedimentation coefficient in zero approximation, i.e., at the initial moment of time;

then:
5 - 25;CP rori-rg 23S;9CP/or
0=
23CP lg 2 r3 J3CP =0

i

(1)

Fig. 5 presents plots of Sy as a function of rotor speed for three values of AV: 500, 1500 and 4000 ml/mole. For
the calculations, the following parameters of the reversibly interacting system were used: §; =305, 5, = 505,
8§3=708,ry=6.0cm, rp= 6.8 cm, £2=20°C, EC’? l;=p = 100 arbitrary concentration units and

K =0.1 exp (—(AVIRT)pw2 (2 ~ rrzn)] .

The equilibrium constant X is expressed in reciprocal arbitrary units of concentration.
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